ABSTRACT. This work describes the atomic laser isotope separation (LIS). The (LIS) plant means calculating the values of a large number of parameters in order to optimize some objective function.
INTRODUCTION
Naturally occurring uranium has three isotopes 234 U, 235 U, and 238 U. The amount of concentration of each natural isotope is 0.0055%, 0.7200%, 99.2745% respectively [1, 2] . Uranium enriched to higher levels, as a nuclear explosive material in nuclear weapons. There are a number of different methods to enrich uranium. Enriched uranium is a type of uranium in which the percent composition of uranium-235 has been increased through the process of isotope separation. Natural uranium 238U isotope, with 235U only constituting about 0.711% of its weight. 235U is the only nuclide existing in nature (in any appreciable amount) that is fissile with thermal neutrons [3] . Enriched uranium is a critical component for both civil nuclear power generation and military nuclear weapons. The International Atomic Energy Agency attempts to monitor and control enriched uranium supplies and processes in its efforts to ensure nuclear power generation safety and curb nuclear weapons proliferation. The 238U remaining after enrichment is known as depleted uranium (DU), and is considerably less radioactive than even natural uranium, though still very dense and extremely hazardous in granulated form -such granules are a natural by-product of the shearing action that makes it useful for armor-penetrating weapons and radiation shielding. At present, 95 percent of the world's stocks of depleted uranium remain in secure storage. Lowenriched uranium (LEU) has a lower than 20% concentration of 235U. For use in commercial light water reactors (LWR), the most prevalent power reactors in the world, uranium is enriched to 3 to 5% 235U. Fresh LEU used in research reactors is usually enriched 12% to 19.75% U-235, the latter concentration being used to replace HEU fuels when converting to LEU [4] . Highly enriched uranium (HEU) has a 20% or higher concentration of 235U. The fissile uranium in nuclear weapon primaries usually contains 85% or more of 235U known as weapons-grade, though theoretically for an implosion design, a minimum of 20% could be sufficient (called weapon(s)-usable) although it would require hundreds of kilograms of material and "would not be practical to design [5, 6] . Even lower enrichment is hypothetically possible, but as the enrichment percentage decreases the critical mass for unmoderated fast neutrons rapidly increases, with for example, an infinite mass of 5.4% 235U being required [5] . For criticality experiments, enrichment of uranium to over 97% has been accomplished [7] .
ENRICHMENT METHODS
Isotope separation is difficult because two isotopes of the same elements have very nearly identical chemical properties, and can only be separated gradually using small mass differences (235U is only 1.26% lighter than 238U). This problem is compounded by the fact that uranium is rarely separated in its atomic form, but instead as a compound (235UF6 is only 0.852% lighter than 238UF6.) A cascade of identical stages produces successively higher concentrations of 235U. Each stage passes a slightly more concentrated product to the next stage and returns a slightly less concentrated residue to the previous stage. There are currently two generic commercial methods employed internationally for enrichment: gaseous diffusion (referred to as first generation) and gas centrifuge (second generation) which consumes only 2% to 2.5% . As much energy as gaseous diffusion, with centrifuges being at least a "factor of 20" more efficient [8] . The throughput per centrifuge unit is very small compared to that of a diffusion unit so small, in fact, that it is not compensated by the higher enrichment per unit. To produce the same amount of reactor-grade fuel requires a considerably larger number (approximately 50,000 to 500,000 of centrifuge units than diffusion units. This disadvantage, however, is outweighed by the considerably lower (by a factor of 20) energy consumption per SWU for the gas centrifuge [9] . Later generation methods will become established because they will be more efficient in terms of the energy input for the same degree of enrichment and the next method of enrichment to be commercialized will be referred to as third generation. Some work is being done that would use nuclear resonance; however there is no reliable evidence that any nuclear resonance processes have been scaled up to production. Many studies had been done for separation laser advances [10, 11, 12] . Some isotopically purified elements are used in smaller quantities for specialist applications, especially in the semiconductor industry, where purified silicon is used to improve crystal structure and thermal conductivity. And carbon with greater isotopic purity to make diamonds with greater thermal conductivity. Isotope separation is an important process for both peaceful and military nuclear technology, and therefore the capability that a nation has for isotope separation is of extreme interest to the intelligence community [13] . A large number of parameters contribute to the definition of a laser isotope separation (LIS) plant. These parameters are dimensions and operating conditions. In the optimization algorithm, the calculation of the objective function may be repeated thousands of times; therefore, while the (LIS) physics is sophisticated simple methods must be used to describe each elementary physical process. Uranium isotopes provided as an example; given the power of the tunable laser beams find the parameters which maximize the superlative work of a Uranium facility.
PHYSICAL MODELS

Evaporation rate
For a given set of evaporation device i.e. electron gun power, focusing. Crucible dimensions etc…. We use here an empirical relation between the mass flow rate Q and the electron beam power P of a gun:
When several guns are arranged end to end in a pod, the individual mass flow rates are added and the result is smeared uniformly on the total length L of the pod.
Vapor expansion
During the expansion, exchanges between internal and kinetic energy of atoms are likely to occur. Let the density of atoms in the fundamental state is n o , and on metastable excited electronic states (n 10 , n 20 ,…). In addition, the velocityV , temperatures (T r , T Θ , T z ) and the degree of ionization are characterize the vapor. The problem for n o has been solved by Rosengard (1989) [14] with the help of a Monte Carlo code based on the particle test method.
The vapor is supposed to be emitted through a slit from an imaginary vapor chamber in equilibrium at temperature T v and density n v . See 
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and the reduced coordinates R/L and σ where d= the hard sphere diameter L v =the width of the slit During the expansion, the vapor temperature decreases and it can be expected that the metastable ratio (n 10 /n 0 ) also decreases, because the atoms are in local thermodynamic equilibrium in the collision are near the source and that the populations are frost out side this area.
If three color beams are used, then:
Metastable ratio 0 0 10 a n P n n = +
If four colors beams are used, then:
Metastable ratio 0 10 0 10 20 a n n P n n n
We consider here, the expansion of one sort of atoms only (n 0 ). From review concentrates on the laser ionization process, experimentally T i is found to be a few percent, and in this work it may be useful to eliminate these parasitic ions. In the example, we illustrate, we shall take T i =0. Fig. 2 illustrates the interaction zone as the dashed square area, where photons and atoms intersect. Consider only laser beams propagating in the vacuum.
Illumination and photo-ionization
In the origin plane let us inscribe the beam in a square frame of side (a) (a is the side of the square laser beams) which is the best fit of the contour of the beam.
At distance z we shall only consider the light remaining in the frame and neglect that part which diffracted outside the frame.
We are now able to build up the global light intensity map of the interaction zone by putting side by side the frames which correspond to the successive folding of the beams.
Assuming that the light intensity and phases maps at the origin plane are identical for the three (or four) colors laser beams and that they diffract in the same manner i.e. same wavelength.
Let P e and P i be the illumination and the photo-ionization ratios defined as follows: P e : the probability for one atom entering the interaction zone (IZ) to be illuminated, or to impact a rich plate. P i : the probability for an illuminated atom to be photo-ionized. Then 
Where
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L IZ : the chord length (i.e. the length that part of the trajectory which is illuminated). C: the laser repetition rate. D: the aperture of the IZ. K: the Boltzmann constant. m: the atomic mass. V r ,V Θ : the velocity in spherical coordinate.
This expression dose not take into account the velocity V z in the axial direction and is therefore conservative.
between the local P i and the total energy flux per laser pulse Φ(mj/cm 2 /pulse) can be established by using a code solving the coherent Bloch Eq.'s [15] . A typical non dimensional curve is shown in Fig. 3 where Φ o is the value for which P i =0.99.
Then P i can be calculated by integration in each frame of side (a) at distance (Z) from the origin plane and for a given repetition rate:
The total power of the tunable light P o =being constant, we have:
Where E is the total energy per pulse given by:
Then final P i is the mean value of the P i of the individual frames of the (IZ). Therefore, Eq. 10 is obtained by using propagation and coherent photon /atom interaction.
Extraction charge exchange
Consider an electrostatic ions extraction only, P E and P x are defined as follows: P E = the probability for a photon-ion to impact the rich plates regardless of the charge exchange [16] The electronic temperature T e is an important data. The electrons gain energy by a thermalization process with the ions and by the excess energy of the photo-ionization. Typical values of T e are 0.1-0.2eV for Uranium [17] .
The charge exchange is supposed to occur only in the dense plasma. The 235 U ions which exchange their charge in the sheath are supposed to be collected [18] .
Hence: P x : is the probability of no charge exchange [16] . 
Therefore, the charge exchange is equivalent to a lack of selectivity. Then it could be written as:
Where 5 i P and 8 i P are the equivalent photo-ionization ratios of 235 U and 238 U.
Sputtering
The sputtering yield can be approximated by the relation [17] :
The constants α, β and the potential V o can be inferred from the work of Robinson [19] for self sputtering (α=2.2, β=0.7, Vo=200V).
Dilution ratios
The dilution ratio T d is the probability for an atom entering the (IZ) and that will not undergo photo-ionization to be collected by the rich plates. The approximate expression for T d which neglects the possible collisions in the (IZ) is [17] :
With min ( )
Where P(V Θ ) is taken from Eq. 7, the integration is per formed on the width of the diaphragm (d) and on the velocities directed towards the rich plates.
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EXAMPLE
Many studied have been done on the separation technique of different isotopes [20, 21, 22, 23, 24] .The block diagram of enrichment state is shown in Fig. 4a and the flow diagram of mass flow rates of isotopes for each branch is described in Fig. 4b . This example concerns the design of a hypothetical Uranium facility. It is simple for understanding of the objective function to the various parameters. 
Objective function
Superlative work (sw/year pull power) There are eight parameters and two relations. Hence six parameters are free. The optimization is then achieved in four steps: a. Sensitivity to the potential V Increasing the potential improves the extraction, but increases the sputtering and hence increases the tails assay. In almost all cases starting form mean configuration with constraints explained before with the selected value of V.
b. Sensitivity to the geometrical parameters
Taking into account the constraints mentioned above and a set of V,C,P i ,P e values, three independent parameters are left, for instance D b , d, and R.H. could be calculated in order to satisfy D h =D b +(R+H)/R for each d, we can represent the objective as a function of D b and R..
For their optimal choice resulting from the combined effects of ions extraction, charge exchange and dilution rate.
c. Management of the photons
For given d and C, the best way fill the interaction zone is to maximize the product P i P e . The number of folding is chosen in order to cover a rectangle of dimensions Lxh with:
Where σ(V r ) is the mean square deviation of the radial velocity Vr. Increasing (a) improves P e (due to a limitation number of folding N) and conversely degrades P i because the energy flux per pulse decreases.
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If we increase C, we can decrease the height h of the (IZ) and correlatively the side of the frame (a). On the other hand decreasing (a) involved more diffraction.
Hence while for increasing C, P E , and P x are improved, P i P e decreases due to the diffraction. An optimum of C is then expected.
d. Global optimization
Several trials, starting from different initial sets of parameters, were necessary to find the optimum.
CONCLUSION
This work uses simple methods to describe the elementary physical processes. Uranium is given as an example. The optimization is spilt in four steps for a better understanding of the sensitivity of the objective to different groups of parameters. This conclusion depends on the input data of this particular problem and obviously it must not be extended to the design of the plant. 
